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Topic 1.6 Cell Division - Page 1

From your syllabus:

(a) interphase and the main stages of mitosis

(b) the significance of mitosis as a process in which daughter cells are provided
with identical copies of genes and the process of cytokinesis

(c) the significance of mitosis in terms of damage and disease: repeated cell
renewal, damage repair and healing and unrestricted division leading to
cancerous growth

(d) the main stages of meiosis (names of subdivisions of prophase 1 not
required) and cytokinesis

(e) the differences between mitosis and meiosis, including that mitosis produces
genetically identical daughter cells whereas meiosis produces non-identical
daughter cells

SPECIFIED PRACTICAL WORK

. Scientific drawing of cells from slides of root tip to show stages of mitosis

o Scientific drawing of cells from prepared slides of developing anthers to show
stages of meiosis

|. Chromosomes
Completed
1. Read the Following:
* Rowlands p60
* Toolep
e Hand-out 1.7a
e Hand-out 1.7b
2. Complete Handout 1.7c
II. The roles and essential features of mitosis and meiosis
Completed
1. Look at slide 1 and 2 of the PPT 1.6 Cell Division
2. Write brief notes about the essential features behind cell division

by mitosis that ensure identical cells are produced. Mention the
following in your notes:
* DNA replication

and quantity of chromosomes must be the same)
* The situations in which cell division by mitosis needs to
occur in living organisms.

* Equal distribution of DNA between daughter cells (both type
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End of topic check list for CELL DIVISION

Tick as appropriate:

RED : | do not know about this

AMBER: | have heard about this but have not learned this yet. | am unsure on this.
GREEN: | have heard about this and | have learned this. | am confident about this.

Topic RED AMBER | GREEN

1. Mitosis results in genetically identical daughter cells.

2. Students should appreciate the significance of mitosis in
growth, cell replacement / regeneration, and asexual
reproduction.

3. Students should understand the behaviour of
chromosomes during interphase and the main stages of
mitosis -, prophase, metaphase, anaphase and
telophase.

4. Students should be able to recognise the mitotic stages
from diagrams, prepared slides and photographs

5. Meiosis occurs during sexual reproduction, when it is
important that haploid gametes are produced.

6. Meiosis produces four genetically different cells and
involves two consecutive divisions.
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what is...?

A chromosome

n a prokaryote, all the genes are carried in a circular
DNA molecule in the cytoplasm. In a eukaryote, however,
the genes are contained in a number of separate linear
DNA molecules in a membrane-bound nucleus. Each
of these molecules, together with associated proteins,
makes a chromosome. When the nucleus is not dividing,
the chromosomes are unravelled and genetically active.
But when the nucleus divides at mitosis, genetic activity
is switched off and the chromosomes are packaged up
into highly condensed structures, which can be seen in
the light microscope. The study of chromosomes is an
important field of research. Preparations of condensed
mitotic chromosomes, including those of humans, are
easy to produce (Box 1). These have provided, and are
continuing to provide, a huge amount of information about
the genetic control of cell function and the mechanisms of
cell division. This What is...7 reviews the genetic content,
composition, structure and packaging of chromosomes,
and some of the consequences of variations in their
number and structure, which include human disease.

How are chromosomes put together?

The total DNA in a newly divided human cell measures
around 1.5m in length — enough to accommodate a
sequence of 3 billion bases. However, all the 23600 human
genes would fit into just 2cm of our DNA, which leaves
98.5% unaccounted for. This excess was originally con-
sidered ‘junk’ DNA, but is now called ‘non-coding’ DNA
(see BiorocicaL Sciences Review, Vol. 23, No. 4, pp. 11-14).
Evidence suggests that some of the non-coding DNA is
needed for gene regulation. Non-coding DNA is certainly
important to the cell — damage restricted to non-coding
regions is as effective at causing cell death as that in
coding regions. It has been suggested that non-coding DNA
may also be a reservoir for novel genes that have arisen
over an evolutionary lifetime, including incorporation of
viral DNA.

As most nuclei are only around 5pm in diameter, it is
clear that the chromosome must be packaged in a sophis-
ticated way. Packaging such a long molecule presents two
main problems. First, genes must normally be accessible
to allow for protein production. Second, before the cell
can divide again, the entire DNA molecule must be dupli-
cated. Once duplicated, each identical copy of DNA must
be packaged for distribution to each daughter cell with
absolute precision. So the packaging must allow the DNA to
be exposed, if only briefly, during the times it is being tran-
scribed, to produce messenger RNA. The same is true during
replication in interphase — between successive mitoses —
so that two identical molecules can be produced. The rest
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eas of interest to biologists are explained in what is...?
u would like to see included.

Cell division
Genetic control
Chromatin
Human disease

BOX 1
How to study human chromosomes

A blood sample is the most convenient starting point, using white cells called

T lymphocytes. These cells do not usually divide, but are stimulated to do so in
liquid suspension. Only a small percentage of cells enter division, so the number

is increased by the addition of agents such as colcemid. This disrupts the mitotic
spindle, so preventing the separation of daughter chromosomes and holding

cells in metaphase. The cells are then swollen in a hypotonic solution, chemically
preserved, then burst by dropping them onto a cooled microscope slide, dried and
stained. The chromosomes are then sorted into pairs according to size to produce a
karyotype. The cells may also be treated to produce bands shown by stains such as
Giemsa — G-banding (Figure 1). These bands are used to produce an international
standard map for each chromosome known as an idiogram. Preparations can also
be prepared for examination in the scanning electron microscope.
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Figure 1 The 46 chromosomes from a G-banded preparation have
been matched up as 22 pairs, plus X and Y, arranged from longest (1) to
shortest (22).
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Figure 2 Stages in the
packaging of DNA into
chromosomes. Clockwise
from top right: naked DNA is
packaged by first wrapping
around nucleosome cores,
then into the 30nm diameter
chromatin fibre found in

the interphase nucleus. For
further packaging, chromatin
becomes arranged on a
scaffold and is then coiled and
supercoiled into a metaphase
chromosome, which has two
sister chromatids joined

at the centromere with
telomeres at each end. Both
p and q arms have dense ‘G’
bands produced by Giemsa
staining. These form an
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of the time the DNA can be held in some form of packaging
combined with associated proteins (Figure 2).

The first stage of DNA packaging leads to a ‘beads on a
string appearance’ with the string being the 2nm diameter
DNA molecule. Each bead is formed from a negatively
charged group of eight protein molecules called histones.
The positively charged DNA binds firmly to the surface of
the histones, encircling each bead twice to form a struc-
ture known as a nucleosome. The ‘spacer’ DNA separating
adjacent nucleosomes shortens so that the nucleosomes
become arranged in a zig-zag to make an 10nm diameter
fibre. This fibre is then coiled to form a cylindrical 30nm
diameter fibre called chromatin. The chromatin fibre is

Figure 3 Light microscope image of interphase of mitosis in a whitefish
cell (centre). The denser material at the centre of the cell, in the nucleus,
is chromatin. x700

6

Double helix
Spacer

10nm

the standard configuration of packaging of nuclear DNA in
non-dividing cells. This is what constitutes the apparently
haphazard network of structures seen in light microscope
images of the interphase nucleus (Figure 3).

As division approaches, the 30nm chromatin fibre
shortens by becoming successively looped, folded, coiled and
supercoiled. This involves attachment to a central scaffold
formed from non-histone proteins (Figure 2). This complex
feat is assisted by the presence in the scaffold of an enzyme
with the ability to pass one DNA helix through another by
cutting a gap and repairing it. A fully condensed metaphase
chromosome has a packing ratio for its DNA of 10000 to
one — it is reduced to one ten-thousandth of its original
length. A good analogy to appreciate this amazing organisa-
tion would be to take a thread the length of a football field
and fold it down to a length of 2cm.

Fully condensed chromosomes are robust, and this feature
has been important in their study. They remain intact even
when a dividing cell is preserved and then burst open by an
experimenter. They can thenbestained forexamination under
a light microscope or in a scanning electron microscope. As
seen at metaphase of mitosis, each chromosome consists of
the two future daughter chromosomes, known as chromatids,
joined together by a structure known as the centromere
(Figure 2). The position of the centromere, together with the
number and length of the chromosomes, all go to make the
chromosome complement a characteristic feature of each
species. The chromatids are ‘capped’ by structures called
telomeres, which protect their ends and stop fusions with
otherchromatids (which would upset theirdistribution at cell
division). With every division, telomeres lose a small part of
the repetitive DNA that forms them. Once this DNA has run
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out’, the cellstops dividing. Tumour cells have increased levels
of an enzyme called telomerase, which repairs telomeres,
allowing unlimited divisions.

Human chromosome preparations are usually produced
from lymphocytes in a blood sample, photographed, and
then arranged in pairs from largest to smallest, to produce
a karyotype (Box 1). This process used to be a skilled and
time-consuming task for trained cytogeneticists (BioLocicaL
Sciences Review, Vol. 23, No. 3, pp. 16-19), but is now
routinely automated by computers. In addition, various
biochemical treatments performed during the staining
of metaphase preparations produce visible bands across
the chromatids. Those produced by a stain called Giemsa
(G-banding) are used to produce internationally accepted
maps of each chromosome known as an idiogram (Box 1).

Chromosome numbers and sex
determination

Chromosome number is fixed for each species, but this
number is quite variable. Pigs and cats both have 38, cows
have 60, fruit flies 8, but some butterflies have 200 and some
ferns have several hundred. In all our somatic (body) cells,
each of our chromosomes is represented twice, one donated
originally from each parent — we are diploid. Sperm and
eggs are produced by meiosis, separating each pair of
chromosomes into two sets, thus halving the chromosome
number — they are haploid. So when sperm and egg
combine to produce a fertilised egg, it is diploid, with one
set of chromosomes from each parent. Technical difficul-
ties meant that the actual number of human chromosomes

T. D. ALLEN AND C. J. HARRISON

Figure 4 Human chromosome spread viewed in the
scanning electron microscope. Ridges in the surface of the
chromosomes correspond with Giemsa staining bands. The
ends of chromosome 5 (arrowed) have fused, forming a ring
(probably due to telomere malfunction), an abnormality that
can lead to severe growth retardation. x6000

Figure 5 Coloured scanning electron micrograph of a human
X chromosome (top) and a Y chromosome. x17500
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was uncertain for a long time, but in 1956 it was finally
agreed at 46. The 46 chromosomes form 22 pairs, numbered
1 to 22, plus two sex chromosomes, X and Y (Figures 4
and 5), which determine gender. Males have an X and a Y
chromosome, females have two X chromosomes. A gene on
the Y chromosome called SRY (for sex-determining region
on the Y chromosome) triggers male development in the
fetus. In females, one X chromosome is inactivated so that
both men and women have the same number of active X
chromosome genes.

Chromosomes and disease

It is now over 50 years since the presence of an extra (third)
chromosome 21 in Down’s syndrome was reported. This
was followed, in 1960, by the first chromosomal abnor-
mality associated with cancer, the Ph chromosome, named
after its discovery in Philadelphia. The Ph chromosome is
an abnormally short chromosome 22, which is formed as
a result of breaks in chromosome 22 and chromosome 9,
where material is ‘swapped’ between them (a translocation).
People with this abnormality suffer from chronic myeloid
leukaemia. During the formation of the Ph chromosome, a
gene at the breakpoint from chromosome 9 becomes acti-
vated. This gene codes for a protein called Abl and produces
excessive tyrosine kinase enzyme, which causes the affected
cells to become cancerous (see pp. 38-41). In the 1990s,
new tyrosine kinase inhibitors were discovered, which have
been useful in limiting the progress of the disease if not
curing it. These drugs were found using screening experi-
ments on yeast. Clearly yeast is not closely related to human
leukaemia, but the use of such a model system
demonstrates how problems can be tackled by
studying the basic cell biology from many angles
(see pp. 26-29).
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URTHER READING

Lima-de-Faria, A. (2003) One Hundred Years of Chromosome Research and What
Remains to be Learned, Kluwer Academic Publishers.

0'Connor, C. (Ed.) Chromosomes and cytogenetics:
www.nature.com/scitable/topic/chromosomes-and-cytogenetics-7
Information and free posters are available from:
www.ornl.gov/hgmis/posters/chromosome

Good fact sheets are available from:
www.ghr.nlm.nih.gov/handbook/basics/chromosome

Which genes are on which chromosome?

We now know how many base pairs of DNA there are in
each of our 22 pairs of chromosomes — 246 million in
the largest (1), 46 million in the smallest (21). Most genes
have now been pinpointed to a particular place on a par-
ticular chromosome. Chromosome 1 is six times longer
than the smallest human chromosomes (21, 22 and Y). It
has 3141 genes and 991 pseudogenes (defective copies of
normal genes), some 8% of all human genetic information.
Itis not surprising therefore that chromosome 1 is medically
very important — some 350 human diseases are associated
with disruptions in its DNA sequence, including cancers and
neurological and developmental disorders.

Now that the entire human genome has been sequenced,
one might suspect that the chromosomes themselves might
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become less relevant, because a patient's DNA can be
analysed, compared with normal, and problems diagnosed
by computer. But, as we have seen with the Ph chromosome,
the behaviour of even normal genes can be altered by trans-
location and result in disease. It is also worth pointing out
that, so far, few complete human genome sequences have
been determined, making comparisons between individuals
with and without disease difficult.

The first human genome sequence was completed in
2003, after 13 years of sequencing and at a cost of around
$500 million. In July 2010 the Wellcome Foundation
announced that 10000 human genomes would be sequenced,
4000 from sufferers of genetic conditions, to be compared
with 6000 healthy volunteers. Currently, the main dif-
ficulty in the medical value of genomes is that diseases
such as cancer, diabetes and Alzheimer’s are caused by a
large number of different DNA variations. However, the
exponential pace of increase of knowledge provides a firm
expectation that the idea of specifically targeted medical
treatment based on an individual’s genome — so-called ‘per-
sonalised medicine’ — may not be too far into the future.

Professor Terry Allen spent his working life at the Paterson
Research Institute at the Christie Hospital in Manchester.

His research concerned the ultrastructure of cells and the
mechanisms of nuclear/cytoplasmic interaction via nuclear
pore complexes. Now retired, he writes popular science books
and articles.



Chromosomes

1
Chromosomes contain genes

A homologous pair of chromosomes
are the same length, have the
centromere in the same position and
carry the same genes (though not
necessarily the same alleles. of those
genes) in identical positions. In most
cases one of the pair is paternak(from
the male parent), the other maternal
(from the female parent).

Homozygous condition in which
the same allele is present on both
chromosomes. For many genes one
allele is dominant (shows greater
penetrance), the other is recessive.
The dominant allele is conventionally
written with an upper case symbol
(here D) and the recessive allele with
a lower case symbol (here r). In this
example DD represents the
homozygous dominant condition, rr
the homozygous recessive condition.

| (sections of DNA which code
for particular protein
products responsible for
measurable characteristics).

-

Gene locus is the position of a particular gene on a
chromosome. This position is fixed, and can only be altered |
by the form of mutation called translocation or inversion.

Alleles (allelomorphs) are alternative forms of the same
gene. A chromosome may only carry one allele of any gene.
Some genes may have multiple alleles — an example is the
gene which controls the ABO blood grouping system in
humans.

Heterozygous condition has two-alternative alleles of the
same gene on the two chromosomes of the homologous pair.
When one of the alleles is dominant over the other, only the
dominant form will be expressed in the phenotype (the sum
of the measurable characteristics of the individual, i.e. the
two genotypes HH and Hh would have identical

phenotypes.
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How eukaryotic cells package DNA.
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Introduction - terms and background information
Our hereditary information is carried on the molecule DNA.

It has been estimated that the length of DNA in each of our cells is 2m long. In order to fit the DNA into the
nucleus in an ordered manner it is firstly wrapped around ball shaped proteins called histones and then coiled
tightly. When DNA is associated with proteins it is known as chromatin. In eukaryotes the DNA is further
coiled and folded into structures called chromosomes. Chromosomes are visible with a light microscope just
before and during cell division.

Every species has a characteristic number of chromosomes in their nuclei.

Humans have chromosomes in each of their somatic cells.

Humans have chromosomes in each of their gamete cells.

These chromosomes are arranged into pairs called homologous pairs (one coming from the mother and the
other from the father). Each member of the pair carries information for the same characteristic but it may be in
different forms. For example pair one could carry information for hair texture, one could have the information
for curly hair and the other for straight hair.

Units of information carried on the DNA are called genes. Every single cell (apart from the sex cells) in an
organism’s body contains all the genes for all the body’s metabolism (every reaction occurring in every cell of
the body). When cells in the body take on a specific role only the information required for that cell’s function is
read. Other genes are turned off.

When a cell replicates (makes a copy of itself) it is important that precise control is exerted in order that no
information is lost. When the cell replicates it has to make exact copies of the DNA, when a chromosome
replicates it forms two structures known as sister chromatids.

Reoli

P d Chr . ‘This ch
has two chromatids (one shown light and one
dark). Chromosomes appear like this when they
are about to take part in cell division
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Nucleolus: Involved in the
construction of ribosomes.

Nuclear pores: are
involved in the active
transport of substances
into andout of the nucleus

/' Enlarged view of segment
of chromosmie above

Nuclear membrane: a double
membrane enclosing the
nucleus. It is continuous with
the endoplasmic reticulum.

Chromosomes are located in the

nucleus of the cell and are made up

of chromatin. They store the
information for controlling the cell. In
a non-dividing cell, they are not visible
as they are in an unwound state.

Chromatin: a complex of DNA
and proteins comprising
chromosomes. The DNA is coiled
up so that the long DNA molecules
can fit inside the nucleus

Atoms: Individual atoms of carbon,
hydrogen, oxygen, phosphorous and
nitrogen arranged to form
deoxyribose sugars, phosphate, and
nucleotide base components.

|/

Troteins: The DINA is wrapped around
ball-shaped proteins. Some are attached
o the strand of DNA. These proteins may
mgulate DINA function in some way.

DNA Molecule: The DNA molecule is a double helix:
a corkscrew arrangement of atoms containing genes.
Each gene comprises many nucleotides forming the
genetic code for a protein.
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Questions
1. Where in a cell are chromosomes found?
2. When are chromosomes

e Not visible in a cell

e Visible in a cell?

3. Chromosomes are made up of three components:

« DNA 15%
e Proteins 70%
e« RNA 10%

One type of protein found in chromosomes is histone protein. Histone proteins and DNA
combine to form a material called chromatin.

i. How do these two components combine?

ii. Describe a nucleosome and a nucleosome fibre.

iii. Why is it necessary to fold and coil DNA molecules in this way?

4. Distinguish between the terms somatic cell and gamete.

5. Match each term with its appropriate description.

The Terms

Gene Homologous chromosome Dominant

Allele Homozygous Recessive

Locus Heterozygous Genotype

Haploid Diploid Phenotype

The Descriptions

The genes possessed by an organisms

Chromosomes are present in pairs; one maternal and one
paternal in origin

Alternative forms of a gene coding for the same characteristic
and which are found on the same locus on homologous
chromosomes

An allele which has the same effect on an organism whether
the organism is heterozygous or homozygous for the allele

Having two identical alleles for a certain characteristic

A section of DNA which codes for a particular polypeptide

Position of a gene on a chromosome

Chromosomes which carry genes for the same characteristics
in the same position

Having only one of each chromosome pair

Characteristics shown by an organism; a result of interaction
between its genotype and the environment

An allele which only shows in the phenotype if present in the
homozygous state

Having two different alleles for a certain characteristic
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